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   In this piece of work, an important transition from amplitude death (AD) to oscillation death 
(OD) state in coupled Chua’s circuit has been explored for the first time. Here, mean field 
diffusively (MFD) coupled Chua’s circuits are when additionally coupled through direct 
coupling, it exhibits the AD-OD transition phenomena. The effect of design parameters and 
coupling parameters are investigated in details. For both identical and non-identical systems the 
AD make transition to OD through symmetry breaking. These are investigated through 
numerical simulations and are established through hardware experiment. The present study 
includes a new dimension to versatility of Chua’s circuit in the field of nonlinear dynamics. 
PACS numbers: 05.45.Xt, 05.45.Ac, 05.45.Pq, 07.50.Ek 
I. INTRODUCTION 
  Recently, the study on the coupled system 
gets great importance. Coupled system 
shows variety of interesting complex 
collective phenomena, such as 
synchronization, dynamical hysteresis, 
phase flip, oscillation quenching etc. [1-7]. 
Oscillation quenching is a phenomenon 
where all the coupled system suppresses the 
oscillatory behavior of each other through 
their interaction. Such quenched states are of 
two types; Amplitude death (AD) and 
Oscillation death (OD) [8, 9]. In AD the 
coupled system converges to same steady 
states (homogeneous) and is mainly 
important to stabilize the system viz. in laser 
[10], neuronal systems [11], etc. But, in OD 
the system shows heterogeneity in their 
quenched states [12]. It has also find an 
enormous importance in the diverse field [7, 
8, 12, 13]. 
Koseska et al. in [8] show that such 
AD and OD can simultaneously occur in 
coupled Stuart-Landau oscillators using 
diffusive coupling and reported the 
transition from AD to OD. After then 
several works have been reported showing 
such transition in different coupled system 
[9, 14-18]. In those works different coupling 
method like; mean field diffusive (MFD) 
coupling [9], time-delay [14], dynamic 
coupling [15], conjugate coupling [16, 17], 
diffusive and repulsive coupling [18] etc. 
have been used.  
In this paper, we first show the AD-OD 
transition in Chua circuit using most simple 
circuit modification in MFD coupled Chua’s 
circuit. Chua’s circuit is one of the most 
simple and efficient circuits. It shows wide 
variety of nonlinear dynamics within its so 
simple structure and it can be easily 
implemented in experiments [19, 20]. So far 
literature is concern, a good amount of 
works have already been done on the 
coupled Chua’s circuit using different 
coupling schemes [17, 21, 22]. But in all 
cases the coupled system converges to a 
common steady state showing AD in them. 
Sharma et al. already reported AD with 
mean field diffusion in Chua circuit in [22]. 
We explore the dynamics of such MFD 
coupled Chua’s circuit when additionally 
coupled through a resistor. It is well known 
that Chua’s circuit is a third order 
autonomous system and its dynamics is 
described by three state variables [20]. In 
our work, we coupled one of the state 
variables of Chua’s circuits through MFD 
coupling and another state variable through 
a simple variable resistor (i.e. direct 
diffusively coupled). Interestingly, in such 
condition the system dynamic shows a 
transition from AD to OD depending upon 
the strength of direct coupling. The OD is 
appeared through symmetry breaking. Such 
dynamics are described through numerical 
simulation and also supported by a prototype 
hardware experiment. The paper has been 
organized as follows. The equations 
describing the system dynamics for such 
modified MFD coupled Chua’ circuit has 
been formulated in section II. The 
occurrences of AD, OD and their transition 
in the system have been discussed in section 
III through numerical simulations. The 
impact of coupling and design parameters on 
the transition phenomenon have also been 
discussed here. In establishment of such 
dynamics we perform a experiment on a 
proto type hardware circuit using off-the-
self ICs. The details of the experiments and 
the experimental results are described in 
section IV. Some concluding remarks are 
given in the Section V. 
II. SYSTEM EQUATION 
FORMULATION 
   For the sake of completeness, at first we 
describe the salient features of conventional 
Chua’s circuit and then proceed to formulate 
the state equations for modified MFD 
coupled Chua’s circuit. Figure 1 gives the 
structure of conventional Chua’s circuit 
consisting of two capacitors, an inductor, a 
resistor and a nonlinear resistor. Applying 
Kirchhoff’s current laws to the various 
branch points of Fig.1 one can obtain the 
state equations that describes the dynamics 
of the conventional system as [20], 
    ܥଵ ��భ�� = ሺ�మ−�భሻ� − ݂ሺ�ଵሻ   (1a)        
    ܥଶ ��మ�� = ሺ�మ−�భሻ� + ��  (1b)                           
    � ����� = −�ଶ    (1c) 
Here, �ଵ, �ଶand �� are the voltage across the 
capacitors ܥଵ and ܥଶ and the current through 
L, respectively as shown in Fig.1. 
 
 
FIG.1. Block diagram of conventional 
Chua’s Circuit. 
 ݂ሺ�ଵሻ in equation (1a) represents the 
response of the nonlinear resistor and it can 
be mathematical represented as follows, 
   ݂ሺ�ଵሻ = �଴�ଵ + ቀଵଶቁ ሺ�ଵ − �଴ሻ[|�ଵ +ܤ�| − |�ଵ − ܤ�|]    (2) 
Here, �଴  and �ଵ  are the inner and outer 
slopes of the typical characteristic curve of 
the Chua’s diode. ܤ�  is the breakpoint of 
two slopes. The characteristic curve of the 
Chua’s diode is shown in Fig. 2. 
Considering � = �஼మ� , a dimensionless 
quantity, we derive three normalized state 
equations describing the dynamics of Chua’s 
circuit in terms of three state variables as,    
  
�௫�� = ߙሺݕ − ݔ − ݂ሺݔሻሻ  (3a)  
  
�௬�� = ݔ − ݕ + ݖ   (3b)  
  
�௭�� = −ߚݕ     (3c) 
Where, ݂ሺݔሻ = �଴�ݔ + ቀଵଶቁ ሺ�ଵ −�଴ሻ�[|ݔ + ͳ| − |ݔ − ͳ|],  ݔ = �భ஻�, ݕ = �మ஻�, ݖ = ���஻� , ߙ = ஼మ஼భ and ߚ = ஼మ�మ� .  
 
 
FIG.2. Variation of nonlinear function ݂ሺ�ଵሻ 
with respect to �ଵas given in equation (2). 
 
Now, we coupled two such circuits. The 
complete hardware circuit diagram of 
modified MFD coupled Chua’s circuits is 
shown in Fig. 3. First, we connect the 
branch points having voltage �ଵଶ and �ଶଶ 
(i.e. ݕ  state variable in normalized 
condition) through MFD coupling. The 
circuit equations of MFD coupled Chua’s 
circuits are derived using Kirchhoff’s 
current law and the equations are as follows,  
  ܥଵଵ ��భభ�� = ሺ�భమ−�భభሻ�భభ − ݂ሺ�ଵଵሻ (4a) 
 ܥଵଶ ��భమ�� = ሺ�భభ−�భమሻ�భభ + �ଵ� + ቀ ଵ�లቁ ቆ�య�భ ሺ�ଵଶ +�ଶଶሻ − ሺ�ଵଶሻቇ                  (4b) 
  �ଵ ��భ��� = −�ଵଶ   (4c) 
  ܥଶଵ ��మభ�� = ሺ�మమ−�మభሻ�మభ − ݂ሺ�ଶଵሻ (4d) 
 ܥଶଶ ��మమ�� = ሺ�మభ−�మమሻ�మభ + �ଶ� + ቀ ଵ�లቁ ቆ�య�భ ሺ�ଵଶ +�ଶଶሻ − ሺ�ଶଶሻቇ                  (4e) 
  �ଶ ��మ��� = −�ଶଶ   (4f) 
Here, the first digit of subscript (i.e. 1 or 2) 
is used to represent first or second Chua’s 
circuit, respectively. Now we connect the 
branch points having the voltage �ଵଵ  and �ଶଵ  (i.e. ݔ  state variable in normalized 
condition) through a simple resistor  �଻ . 
Thus, the two Chua’s circuits are direct 
diffusively coupled through these state 
variables. This is also shown in Fig.3. Then 
the above equation set are modified as given 
below,  
 ܥଵଵ ��భభ�� = ሺ�భమ−�భభሻ�భభ − ݂ሺ�ଵଵሻ + ሺ�భభ−�మభሻ�ళ   
(5a) ܥଵଶ ��భమ�� = ሺ�భభ−�భమሻ�భభ + �ଵ� + ቀ ଵ�లቁ ቆ�య�భ ሺ�ଵଶ +�ଶଶሻ − ሺ�ଵଶሻቇ                  (5b) �ଵ ��భ��� = −�ଵଶ   (5c) ܥଶଵ ��మభ�� = ሺ�మమ−�మభሻ�మభ − ݂ሺ�ଶଵሻ − ሺ�భభ−�మభሻ�ళ  
     (5d) ܥଶଶ ��మమ�� = ሺ�మభ−�మమሻ�మభ + �ଶ� + ቀ ଵ�లቁ ቆ�య�భ ሺ�ଵଶ +�ଶଶሻ − ሺ�ଶଶሻቇ                  (5e) �ଶ ��మ��� = −�ଶଶ   (5f) 
Considering � = �஼భమ�భభ , we normalized the 
above equations and derive six normalized 
state equations describing the dynamics of 
such MFD as well as direct coupled Chua 
circuit as,  
�௫భ�� = ߙଵ{ሺݕଵ − ݔଵ − ݂ሺݔଵሻሻ + ݃ଵሺݔଵ −ݔଶሻ}     (6a) �௬భ�� = ݔଵ − ݕଵ + ݖଵ + �ଵሺ� ቀ௬భ+௬మଶ ቁ − ݕଵሻ 
     (6b) �௭భ�� = −ߚଵݕଵ    (6c) �௫మ�� = ߙଶ{(ݕଶ − ݔଶ − ݂ሺݔଶሻ) −݃ଶሺݔଵ − ݔଶሻ}    (6d) �௬మ�� = ߛ[ሺݔଶ − ݕଶ + ݖଶሻ + �ଶሺ� ቀ௬భ+௬మଶ ቁ −ݕଶሻ]     (6e)                          �௭మ�� = −ߚଶݕଶ    (6f) 
Here,  ߙଵ = ሺ஼భమ஼భభሻ , ߙଶ = ቀ஼భమ�భభ஼మభ�మభቁ , ߛ =ቀ஼భమ�భభ஼మమ�మభቁ , ߚଵ = ሺ஼భమ�భభమ�భ ሻ , ߚଶ = ሺ஼భమ�భభ�మభ�మ ሻ , ݂ሺݔଵሻ = �ଵଵ݂ሺ�ଵଵሻ, ݂ሺݔଶሻ = �ଶଵ݂ሺ�ଶଵሻ. The 
factors �  [ �ଵ = ቀ�భభ�ల ቁ  and �ଶ = ቀ�మభ�ల ቁ ], � = ቀଶ�య�భ ቁ  and ݃  [ ݃ଵ = �భభ�ళ  and ݃ଶ = �మభ�ళ ] 
signifies the diffusive strength, mean field 
strength and strength of direct coupling of 
the coupled system, respectively.  
 
 
FIG.3. (Color online) Hardware circuit 
diagram for experiment of modified MFD 
coupled Chua’s circuits. 
III. NUMERICAL SIMULATION 
RESULTS 
    The dynamics of MFD coupled as well as 
direct coupled Chua’s circuit has been 
studied through numerical integration of the 
state equations given in (6) using the 4th 
order Runge-Kutta technique. Every time, to 
eliminate the initial transients’ large amount 
of initial data is discarded. The influences of 
direct coupling on a MFD coupled Chua’s 
circuit has been examined through 
simulation. The effect of ݃ parameter along 
with the conventional parameters like ߙ, ߚ, ߛ , � , �  on the dynamics of the modified 
coupled Chua’s circuit is obtained.  
To make our observation simple we take the 
two systems identical, i.e. ߙଵ = ߙଶ = ߙ , ߚଵ = ߚଶ = ߚ , ߛ = ͳ , �ଵ = �ଶ = �  and ݃ଵ = ݃ଶ = ݃ . Initially, we set ݃ = Ͳ  that 
means the two circuits are under MFD 
coupling. In this condition for ߙ = ͳͲ , ߚ = ͳͺ.Ͷ͵ the two isolated Chua’s circuits 
shows chaotic oscillations. Now we set � = Ͳ.͸ and then gradually decrease �.  It is 
observed that the chaotic dynamics of the 
coupled Chua’s circuit would converge to 
the trivial homogeneous steady state i.e. AD 
occurs. The observation is depicted in Fig.4. 
Transition from oscillatory state to AD in 
parameter space (� − �) for MFD coupled 
Chua’s circuit is also simulated. The 
numerical simulation results show for higher 
value of mean field strength, higher value of 
diffusive strength is needed to make 
transition from oscillatory state to AD as 
investigated in [22] and this is shown in 
Fig.5. In Fig.5 beyond AD we observe the 
system oscillates with multi-period. But 
since we are interested only in quenching 
phenomena we simply defined them as  
 FIG.4. (Color online) Amplitude death (AD) 
in identical Chua’s circuit: (a) the chaotic 
dynamics in two isolated Chua’s circuits; (b) 
oscillation of period-1 dynamics of MFD 
coupled Chua circuit and (c) occurrence of 
AD in the coupled system. The other system 
parameters are: . ߙଵ = ߙଶ = ߙ = ͳͲ , ߚଵ = ߚଶ = ߚ = ͳͺ.Ͷ͵ , ߛ = ͳ , �ଵ = �ଶ = � 
and ݃ଵ = ݃ଶ = ݃ = Ͳ , respectively. AD is 
achieved in the coupled oscillators for � = .͸ and � = Ͳ.͵ͷ. 
 
oscillatory state (OS). When AD already 
occurs in the coupled system, we apply ݃ 
i.e. direct coupling between ݔଵ and ݔଶ takes 
place. With ݃ = Ͳ.Ͳͳͷ , the trivial steady 
state becomes unstable and give birth of two 
new inhomogeneous steady states through 
symmetry breaking (i.e. OD is created). 
Thus, we get a transition from AD to OD in 
modified coupled system. It is also observed 
that the difference between two 
inhomogeneous states gradually increases as 
we increase the ݃  value. The whole 
observation is shown in Fig.6. 
However, it is practically impossible to 
construct identical oscillators in 
experiments, because of the tolerance values 
of the circuit components. Therefore, a study 
with non-identical parameters is also carried 
out. For a typical set of parameter values 
where  ߙଵ = ͳͲ , ߙଶ = ͳͲ.ͷ , ߚଵ = ͳͺ.͸͵ , ߚଶ = ͳ͹.ͷ , ߛ = ͳ.Ͳͷ , � = Ͳ.͵ͷ  both the 
system enter into the AD region with higher 
diffusive strength i.e. �ଵ = Ͳ.ͺ  and �ଶ =Ͳ.͹͸. In this condition also with a very low 
value of ݃  (i.e.  ݃ = Ͳ.Ͳͳͷ ) OD appears 
through symmetry breaking. Note that, if we 
apply different ݃  values for two circuits 
(which is possible by differing �ଵଵ and �ଶଵ)  
the OD appears through asymmetry 
breaking [Not shown through figure]. 
 
 
FIG.5. (Color online) Transition from the 
region of oscillatory state (OS) to amplitude 
death (AD) as observed through numerical 
simulation in parameter space (� − �) for 
two identical Chua’s circuits coupled under 
MFD coupling. The other system parameters 
are: ߙଵ = ߙଶ = ߙ = ͳͲ , ߚଵ = ߚଶ = ߚ =ͳͺ.Ͷ͵ , ߛ = ͳ , �ଵ = �ଶ = �  and ݃ଵ = ݃ଶ =݃ = Ͳ , respectively. Here, OS defines the 
oscillatory dynamics with different periods 
(0-9 in color bar) and AD (10 in color bar) 
the amplitude death state. 
 
 
FIG.6. (Color online) Transition from the 
amplitude death (AD) to Oscillation death 
(OD) as observed through numerical time 
series plots of ݔଵ  and ݔଶ  for two identical Chua’s circuits coupled through MFD 
coupling as well as direct coupling. The 
other system parameters are: ߙଵ = ߙଶ =ߙ = ͳͲ , ߚଵ = ߚଶ = ߚ = ͳͺ.Ͷ͵ , ߛ = ͳ , 
�ଵ = �ଶ = �  and ݃ଵ = ݃ଶ = ݃ = Ͳ , 
respectively. Here, (a) AD state for ݃ = Ͳ, � = Ͳ.͸ and � = Ͳ.͵ͷ; (b) OD is achieved 
for ݃ = Ͳ.Ͳͳͷ, and (c) separation between 
two steady states increase for ݃ = .Ͳ.Ͳ͵. 
 
IV. EXPERIMENTAL RESULTS 
 Hardware circuits of the MFD as 
well as direct coupled Chua circuit as shown  
in Fig. 3 are designed on a bread board using 
IC TL082 (op-amp for Chua diode, inductor 
block and MFD coupling), capacitors and 
resistors etc. Here, we use a ±ͳʹ volt power 
supply. The two Chua's circuits are designed 
using the following parameters [20]: �ଵଵ = �ଶଵ = ʹʹͲ ohm, �ଵଶ = �ଶଶ =ʹʹͲ ohm, �ଵଷ = �ଶଷ = ʹ.ʹ  kohm, �ଵସ =�ଶସ = ʹʹ  kohm, �ଵହ = �ଶହ = ʹʹ  kohm �ଵ଺ = �ଶ଺ = ͵.͵  kohm, �ଵ଻ = �ଶ଻ =ͳͲͲ ohm, �ଵ଼ = �ଶ଼ = �ଵଽ = �ଶଽ = ͳ 
kohm, �ଵଵ଴ = �ଶଵ଴ = ʹ.ʹ  kohm, ܥଵଶ =ܥଵଷ = ܥଶଶ = ܥଶଷ = Ͳ.ͳ�� , ܥଵଵ = ܥଶଵ =Ͳ.Ͳͳ��  and 2 k POT for each �ଵଵ  and �ଶଵ . 
Here, the inductors in Chua's circuits are 
replaced by general impedance converters 
[23]. The effective inductances of general 
impedance converters are 22 mH each. The 
MFD coupling block has been constructed 
with �ଵ = �ଶ = �ସ = �ହ = ͳͲ  kohm and �ଷ ( ∝ � ), �଺ ( ∝ ଵ� ) with 10 k POT. The 
direct coupling has been done by using a 
high value resistor �଻.  
To explore the dynamics of such modified 
circuit we have first set �ଵଵ = ͳ.ͺͶ  kohm 
and �ଶଵ = ͳ.͹ʹ  kohm. With these values 
both the system show chaotic dynamics 
(Fig.7(a)). Then we apply MFD coupling. 
When we set �ଷ = ͳ.ͷͻ  kohm (i.e. � =Ͳ.͵ʹ) and �଺ = ʹ.͵ͷ  kohm (i.e. � ≈ Ͳ.͹ͺ) 
the chaotic dynamics converges to 
oscillation of period-1. At �ଷ = ͳ.ʹ  kohm 
(i.e. � = Ͳ.ʹͶ) the oscillatory behavior of 
both the systems completely vanishes and 
they converge to the same steady state 
(single dc line appears on the oscilloscope). 
Thus, AD occurs. These two results are 
shown in Fig.7(b) and Fig.7(c), respectively. 
In all these cases the direct coupling 
connection is taken as open (i.e.�଻ = ∞). 
Next we experimentally verify the influence 
of �଻  ( ∝ ଵ� ) on the circuit. The AD state 
(single dc line) splits into two new steady 
states (two dc lines appear on the 
oscilloscope) even when we connect �଻ with 
a very high value (300 kohm). Thus OD 
appears. Now when we gradually decrease 
the �଻ , the separation between the two 
steady states increases. Thus it supports our 
numerical predictions. The whole 
observation is shown in Fig. 8. 
 
 
FIG.7. (Color online) Experimentally 
observed amplitude death (AD) in Chua’s 
circuit. The time series traces of �ଵଵ   and �ଶଵ; (a) the chaotic dynamics in two isolated 
Chua’s circuits for �ଵଵ = ͳ.ͺͶ  kohm and �ଶଵ = ͳ.͹ʹ kohm; (b) oscillation of period-1 
dynamics of MFD coupled Chua circuit for �ଵଵ = ͳ.ͺͶ  kohm, �ଶଵ = ͳ.͹ʹ  kohm, �ଷ = ͳ.ͷͻ  kohm and �଺ = ʹ.͵ͷ  kohm and 
(c) occurrence of AD in the coupled system 
for �ଵଵ = ͳ.ͺͶ  kohm, �ଶଵ = ͳ.͹ʹ  kohm, �ଷ = ͳ.ʹ  kohm and �଺ = ʹ.͵ͷ  kohm. The 
direct coupling connection is taken as open 
(i.e.�଻ = ∞). 
 
 
FIG.8. (Color online) Experimentally 
observed transition from the amplitude death 
(AD) to oscillation death (OD) for two 
Chua’s circuits coupled through MFD 
coupling as well as direct coupling. The time 
series traces of �ଵଵ  and �ଶଵ; (a) the AD in 
coupled Chua’s circuits for �ଵଵ = ͳ.ͺͶ 
kohm, �ଶଵ = ͳ.͹ʹ  kohm, �ଷ = ͳ.ʹ  kohm, �଺ = ʹ.͵ͷ  kohm and �଻ = ∞ ; (b) 
occurrence of OD for �଻ = ͵ͲͲ kohm;  and 
(c) separation between two dc line increase 
for �଻ = ͸Ͳ kohm. 
 
V. CONCLUSION 
We have explored the phenomena of 
transition from AD to OD in the MFD as 
well as direct coupled Chua’s circuits. Using 
detailed numerical simulations we have 
shown that an additional direct coupling can 
induce OD in a MFD coupled Chua’s circuit 
and a transition between AD to OD occurs. 
Numerically we also show that the fact is 
true for both identical and non-identical 
systems. It has been shown that OD appears 
in the system even when the direct coupling 
is very weak. We explore that using 
different direct coupling strength one can 
easily creates different OD states. According 
to our knowledge, this transition in Chua’s 
circuit has not been observed earlier. We 
have also experimentally observed this 
transition on a prototype hardware circuit 
and all the experimental results support our 
numerical predictions. This study includes a 
new dimension to the study of versatile 
nonlinear phenomena that one can find in 
most simple Chua’s circuit. This study can 
be extended to other chaotic systems to 
improve our understanding. We also hopeful 
apart from electronic circuits, such AD-OD 
transition can be observed in engineering 
and biological systems and it may reveal the 
practical application of this transition. 
 
 
ACKNOWLEDGMENTS 
The author acknowledges the infrastructural 
support from the Physics Department, 
Bidhan Chandra College, Asansol- 713304. 
 
 
 
[1] A. Pikovsky, M. Rosenblum, and J. 
Kurths, Synchronization, A Universal 
Concept in Nonlinear Science (Cambridge 
University Press, Cambridge, UK, 2001).  
[2] L. M. Pecora and T. L. Carroll, Phys. 
Rev. Lett. 64, 821 (1990);  
[3]B. F. Kuntsevich and A. N. Pisarchik,  
Phys. Rev. E 64, 046221 (2001). 
[4]A.Prasad, L. D. Iasemidis, S. Sabesan and 
K. Tsakalis, Pramana 64(4), 513(2005) 
[5]E. Ott, Chaos in Dynamical Systems 
(Cambridge University Press, Cambridge, 
UK, 1993). 
[6] M. Shiino and M. Frankowicz, Phys. 
Lett. A 136, 103 (1989);  
[7]A. Koseska, E. Volkov, and J. Kurths, 
Euro. Phys. Lett. 85(2), 28002 (2009); 
[8] A. Koseska, E. Volkov, and J. Kurths, 
Phy. Rev. Lett 111, 024103 (2013). 
[9] T. Banerjee and D. Ghosh, Phys. Rev. 
E 89, 052912, (2014); 89, 062902 (2014). 
[10] P. Kumar, A. Prasad, and R. Ghosh, 
Journal of Physics B: Atomic, Molecular 
and Optical Physics 42(14), (2009). 
[11] G. B. Ermentrout and N. Kopell, SIAM 
J. Appl. Math. 50, 125 (1990); A. Prasad, M. 
Dhamala, B. M. Adhikari, and R. 
Ramaswamy, Phys. Rev. E 81, 027201 
(2010). 
[12] A. Koseska, E. Volkov, and J. Kurths, 
Chaos 20, 023132 (2010).  
[13] A. Koseska, E. Ullner, E. Volkov, J. 
Kurths, and J. Garc´a-Ojalvo, J. Theoret. 
Biol. 263, 189 (2010). 
[14] W. Zou, D. V. Senthilkumar, A. 
Koseska, and J. Kurths, Phy. Rev. E 88, 
050901(R) (2013). 
[15] K. Konishi, Phys. Rev. E 68, 067202 
(2003). 
[16] R. Karnatak, R. Ramaswamy, and A. 
Prasad, Phys. Rev. E 76, 035201R (2007). 
[17] Tanu Singla, Nitin Pawar, and P. 
Parmananda, Phys. Rev.E 83, 026210 
(2011). 
[18] C. R. Hens, O. I. Olusola, P. Pal, and S. 
K. Dana, Phys. Rev.E 88, 034902 (2013); C. 
R. Hens, P. Pal, S. K. Bhowmick, P. K. Roy, 
A. Sen, and S. K. Dana, Phys. Rev. E 89, 
032901 (2014). 
[19] M. Komuro, R. Tokunaga, T. 
Matsumoto, L.O. Chua, and A. Hotta, 
Global Bifurcation Analysis of the Double 
Scroll Circuit, Int. J. Bifurcation and Chaos 
1, 139 (1991); R. N. Madan (edited by), 
Chua’s Circuit: A Paradigm for Chaos 
(World Scientific, Singapore, 1993). 
[20] M. Lakshmanan, S. Rajasekar, 
Nonlinear Dynamics: Integrability, Chaos 
and Patterns (Springer, India, Reprint 
2009). 
[21] D. V. Ramana Reddy, A. Sen, and G. L. 
Johnston, Phys. Rev. Lett. 85, 3381(2000); I. 
Gomes Da Silva,_ F. d’Ovidio,† and R. 
Toral, S. De Monte, C. R. Mirasso, Phys. 
Rev. E 73, 036203, (2006); K. Konishi, Int. 
J. Bifurcation Chaos, 17, 2781 (2007).  
[22] A. Sharma and M. D. Shrimali, Phys. 
Rev. E 85, 057204 (2012); A. Sharma, K. 
Suresh, K. Thamilmaran, A. Prasad and M. 
D. Shrimali, Nonlinear Dyn 76, 1797 
(2014). 
[23] T. Banerjee, Nonlinear Dyn 68(4), 565 
(2012). 
 
 
